A complex-scaling Fourier-grid Hamiltonian (CSFGH) method in momentum representation along with Floquet formalism is presented and applied to the nonperturbative treatment of the complex quasienergies of a one-dimensional-model negative chlorine ion in an ArF excimer-laser field. The CSFGH method leads to a simple and highly eScient variational procedure for accurate determination of resonance states, without the need of using an L -basis-function expansion. A variety of laser intensities are considered covering those from perturbative to very intense laser fields, and the stability of the ion is investigated under realistic experimental conditions. Oscillatory structures of the photodetachment rate as a function of field strength are found in our study, revealing that the decreasing of the detachment rate (or the so-called "stabilization" or "suppression-of-ionization" phenomenon) may not necessarily be a monotonic behavior. Physical insight into this interesting feature is explored in the Kramers-Henneberger frame, and the feasibility for the experimental observation of the oscillatory behavior of the negative ions is also discussed. PACS number(s): 32.80. Rm, 32.80.Wr, 31.15.+ q, 32.70.Jz 
I. INTRODUCTION According to experimental observations and most theoretical calculations, the lifetime of an atom in a strong laser field would decrease with increasing laser intensity. However, recent theoretical studies on photoionization of atoms in high-frequency very intense fields have found features contrary to the common expectations, and have thus attracted considerable interest in this new domain. Notably, the decay rate, or the ionization probability of the atom, is predicted to decrease with increasing intensity, and the atom becomes relatively stable against ionization (so-called "suppression of ionization") [1, 3, 4] .
Several theoretical approaches have been used to study the very intense laser-atom interaction. Pont, Gavrila, and co-workers [1] considered the high-frequency limit by making the Kramers-Henneberger (KH) transformation [2] and by keeping the zeroth-order term. In this asymptotic regime, they showed that the atomic electron simply moved in a time-independent field-deformed potential and was stabilized. In their later publications [3] , they extended their studies by including higher-order channels. By approximately relating the square of the coupling matrix element between field-deformed ground and continuum states to the decay rate, they observed the stabilization of hydrogen atoms in the high-field highfrequency limit. In addition, time-dependent methods have been employed in the numerical solution of the Schrodinger equation [4] . Along this line of work, the ionization probability has been calculated and suppression of ionization has also been demonstrated for veryhigh-field intensities. Few exact rate calculations, however, have been carried out for the very-intense-field regime.
As has been indicated [3] , the high-frequency approximation leading to stabilization requires that the laser frequency to)) iEoi (the field-deformed ground-state energy). Thus stabilization of the hydrogen atom requires unrealistically high frequencies. Actually almost all the calculations relating to the problem have been performed for co larger than 0.5 a.u. and for laser intensities in excess of 1 a.u. at those frequencies [1, 3, 4] , which are well beyond realistic expectations for the foreseeable future. Furthermore, the pulse length, and especially the pulserising time, needed for obtaining suppression are exclusively short (typically a few femtoseconds and subfemtoseconds, respectively) in order for the neutral atom to survive up to the peak intensity and to experience suppression.
In particular, according to Pont and [10] .
For simplicity, let us consider first the one-dimensional (1D) problem with the Hamiltonian
Similarly, in the momentum representation, we have
As We now consider the discretization of the Hamiltonian in momentum representation Eq. (5) . Here a uniform discrete grid point (with spacing bk) in k space, evenly distributed about k=0, will be used. Thus, the discre- This leads to the following secular equation: (8) where the eigenvectors g" provide directly the amplitude of the normalized wave function evaluated at the grid point k, namely, If the wave function in coordinate representation is needed, it can be obtained by a simple Fourier transform, viz. , q (x) = &x lf"~= -f dk g'(k)e'"", (10) or written in the discretized form It is known that the kinetic-energy operator T is diagonal in momentum representation,
while the potential-energy term V(x ) is diagonal in the coordinate representation,
In the coordinate or Schrodinger representation, the Hamiltonian operator in Eq. (1) (13) P (&;)=(&;lP ) = -gg"(k. )exp(ik x;) . 
The potential Eq. (12) 
where V(k' -k} is the field-free potential in k space [cf.
Eq. (6) 
and the J"'s are the Bessel functions.
In the high-frequency limit, the n %0 terms in Eq. (22) oscillate very rapidly and in the zeroth-order approximation, they can be neglected. This reduces Eq. In the following, we shall discuss the solution of Eq. (22} for the determination of complex quasienergies of a model negative ion driven by very intense fields. To this end, we introduce the complex-scaling transformation [13] k~ke ' in Eq. (22) and discretize the corresponding Hamiltonian 8(8} in k space. For simplicity, we shall confine our discussions to the 1D case below.
First, notice the complex-scaled Hamiltonian matrix element has the following form in k space:
As a result, Eq. (16) [6] . The uv frequency of the laser light (co=6.424 eV) guarantees the high-frequency condition necessary for significant suppression, though it is not asymptotically high. Figure 1 shows the momentum-space potential functions V"(k) in the KH frame.
[Note that Fig. 3(a) Eq. (30). The total detachment rate is given by the topmost solid curve. The partial rates I "are given, respectively, by the dashed line (n =1), the dash-dotted line (n =2), the dotted line (n = 3), and the bottom solid line (n =4).
Consequently, the n-photon photodetachment rate is ap-
where Po(k) is the k space wave function of the fieldwhere f go ) and f PE ) are, respectively, the ground and continuum states of the zeroth-order Hamiltonian in Eq. Fig. 3(a) 
